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ABSTRACT 


The purpose of this study was to determine whether 
or not the pesition of an instrument or test panel relative 
to the operator is related to the operator's expenditure of 
energy while performing a task. The task consisted of watch- 
ing for the appearance of a flash of light on a mock instru- 
ment panel. Measurements were made on the Sanborn metabolic 
equipment. <A measurement was made on the subject at rest 
and then at the task for each of the four panel positions. 

The results showed that a variation in panel posi- 
tion was not a significant source of variation. 

It was concluded that a variation in instrument 
panel position was of the same order of magnitude as a task 
involving a wrist movement at various paces. Panel position 
should be held secondary to any arm or forearm manipulation 
requirements. 
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A STUDY TO DETERMINE THE OPTIMUM POSITION FOR 
INSTRUMENT OR TEST PANELS 
BY MEANS OF METABOLIC MEASUREMENTS 


INTRODUCTION 


During World War II, tremendous scientific advances were 
made. Scientific boundries were extended in every direction. 
Existing machines and equipment were improved while new ones 
were designed and constructed, but the operator, the human 
being, remained the same. Admiral luis de Florez, U.S.N.R., 
(11) pointed out in the foreward of "Handbook of Human Engi- 
neering Data for Design Engineers": "We had reached the point 
where the machine had dwarfed the man, for the characteris- 
tics of the individval-the human machine- hadmt changed in 
the memory of man and will not change for countless genera- 
tions to come while the man made machine is capable of ever 
increasing power, scope and speed of operation. We mat 
therefore consider man's capabilities as a constant to the 
unending progression of the machine." In many cases, the 
human being became the bottlemeck of the system. Man's mis-~ 
takes, inaccuracies, comparative slowness often nullified or 
greatly decreased the capabilities of his machine. 

Towards the end of the war, many people began to realize 
that we were suffering great losses in efficiency and perfor-~ 
mance because the controls, dials, and instruments of machines 


and equipment were not designed so that the average man could 
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manipulate them in the most efficient manner. The military 
services were, of course, particularly interested. Consequent- 
ly, in order to fill this gap in technology, great emphasis 
was placed on the subject of human engineering which has been 
defined by Chaponis (4) as: “engineering of machines for human 
use and engineering of human tasks for operating machines." 
Motion and time engineers, physiologists and psycholigists 
directed their efforts towards determining ways of increasing 
the efficiency and effectiveness of the man-machine systen. 
They covered the basic characteristics, the factors influenc- 
ing and application of such subjects as anthropometrics, 
vision, audition, skin sensitivity and proprioception, motor 
responses and physiological conditions as determinates of 
efficiency. 

Most of the tests conducted in this effort have incorpor- 
ated such factors as production, speed, accuracy or quality ae 
@ measuring medium for efficiency of human activity. These 
factors really represent only the output of human performance. 
Efficiency is the ratio of output to input. To measure the 
input of human performance, we mist measure the energy put 
forth by the operator in performing his work. Physiologists 
have found that oxygen consumption during any fairly extended 
interval of time is proportional to the energy released in the 
body. In this study, the rates of oxygen consumption during 
different tasks were compared to a basal or inactive rate to 
determine which of the tasks required the greatest increase of 


energy expenditure and what the relative differences were. 
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To understand the procedure and methodology of this study 
it is important to understand something about metabolic measure- 
ments and a few physiological facts which have been established 
in connection with such measurements. 

Best (2) defines metabolism and basal metabolism as fol- 
Lows: 


Metabolism is the term employed to embrace the various chem~ 
ical processes within the tissues upon which the growth and 
heat production of the body depend and from which the energy 
for muscular activity and for the maintenance of vital func- 
tions is derived. | 


Basal metabolism is defined as the heat production of a sub- 
ject as nearly as cor at complete bodily rest some hours 
_ food and with the room temperature at about 20 degrees 


These three factors-muscular exercise, the ingestion of food, 
and environmental t rature- have a powerful stimlating 
influence upon metabolism. Even light muscular exertion, 
e.g. sitting, standing, dressing and undressing, sewing, etc. 
raises the metabolism by from twenty five to sixty percent 
above the basal level. 


Energy is derived from the miscles by the conversion of gly- 
cogen to lactic acid. It is the oxidation of the lactic 
acid which causes the increase in metabolic rate. 


Schubert (14) says: "During the first few minutes of work 









the metabolic response increases rapidly from the resting rate 
to a higher rate holcing throughout the remainder of the work." 
Bock, von Caupaert, Dill, Folling, and Hurxthal (3) found that: 
"During continuous muscular exercise a “steady state" is reached 
when the demand for oxygen is adequately met." 

Best (2) states: "During strenuous exercise the muscles 
contracting actively are unable to obtain sufficient oxygen 
for the removal of the large quantities of lactic acid produced. 
Complete recovery must be postponed until the exercise is over." 
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Schubert (14) says: "The metabolism, increased by ms- 
cular work, returns only gradually to the resting level after 
work is stopped. An oxygen debt caused by lag in oxyzen ab- 
sorbtion during the first few minutes of work remains to be 
discharged after the work has ceased. The course of oxygen 
intake during recovery may best be divided into two phases, 
during the first of which the recovery proceeds at a very 
slow pace." Hill (8) noted this characteristic of the course 
of recovery from muscular exertion and described its ramifica- 
tions in detail. Hill postulated two factors at work in the 
mechanism of recovery: “Moderate exercise is followed, to a 
predominate degree, by recovery of the rapid type ...Severe 
and very severe exercise, on the other hand, are followed by 
both types of recovery..... The first and rapid phase of 
recovery, the phase which occurs after every type of exercise, 
which represents practically the whole process after very moder- 
ate exercise, is nothing more than the oxidative removal of 
lactic acid in the muscles where it was formed, before it has 
had time to escape into the blood and still further afield. 
The second and prolonged phase, on the other hand, represents 
the oxidative removal of lactic acid which has had time to 
escape by diffusion from the muscles where it was formed, ow- 
ing to the severity of the exercise and to the inadequacy of 
the oxygen supply, during the exercise and in the first few 
minutes of recovery, to deal at once with the large amount of 


lactic acid set free." 
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PURPOSE 


The purpose of this experiment was to determine whether 
or not the position of an instrument or test panel relative 
to the operator is related to the operator's expenditure of 
energy as measured by the Sanborn metabolic equipment oper- 
ated under the conditions stated in the Procedure. 

If for any of the typical positions selected for the 
test a difference of energy expenditure was discerned, then 
it was desired to determine the relative efficiencies of the 
four positions studied. 

Also, it was hoped that the results would help in de- 
termining just how small a change of human energy expenditure 
can be measured with this equipment, and whether or not the 
difference in energy expenditure between various positions is 
greater than that required for a wrist movement at different 


paces. 





APPARATUS 
The apparatus for this experiment was designed with the 
following objectives in mind: 

1) The apparatus for providing the task mst be 
portable (since there were six other graduate 
students running tests on the metabolic equip- 
ment at the same time). 

2) It mst give the subject something upon which 
he could focus his attention and also hold his 
interest so that he would not be tempted to 
shift his position. 

3) It mst be adjustable to the most common posi- 
tions of instrument and test panels found in 
military and industrial applications. 

The apparatus included the following: 
a) A Sanborn EIS Metabolism Tester with accessory 
apparatus including: 
I. A nose clamp. 
It. A mouthpiece. 
III. Connecting hose. 
I¥. Oxygen supply and hose. 

b) A screen (to hide the spirometer bell from the 
view of the operator). 

¢) An adjustable chair. 

d) A cot. 

e) A standard (to support the panel). 

f) Twenty inch adjustable arms connecting the 


7° 


panel to the standard. 

g) The panel. 

h) 6-8 volt headlight type bulbs and wiring. 

i) Selector switch. 

j) Operator's switch. 

k) Two standard flashlight batteries (dry cells). 

1) Step watch. 
(See Figures 1 and 2 for the arrangement of the apparatus 
and Fig. 5 for the wiring diagram.) 

DESCRIPTION OF EQUIPMENT 

In previous experiments conducted at the Purdue Univer- 
sity Metabolic Laboratory (7, 10, and 15), the Sanborn meta- 
bolic equipment was found suitable to discriminate between 
emall differences in the rates of human energy expenditure. 
This equipment was therefore chosen as the measuring medium 
for this experiment. 

Tilles (15), found that the sight of the spirometer 
bell rising and falling with each breath was distracting to 
the operator. Therefore, a screen was erected to hide the 
bell from the sight of the operator. 

An adjustable chair was necessary to position the oper- 
ator so that his eyes were on the horizontal axis of the 
pivot of the adjustable arms. 

It was assumed that in most cases an operator actually 
using an instrament or test panel would be required to mehi- 
pulate knobs or cranks on the panel. Since it is known that 
a male operator cannot efficiently exceed a twenty inch work 
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area for each arm (Sandburg 13), the adjustable arm was made 
twenty inches long. 

The operator's switch consisted of four buttons equally 
spaced on the circumference of a circle four inches in diam- 
eter. They were easily spanned by the thumb and index finger 
of each hand. Two perpendicular lines separated the buttons 
so that each fell in a quadrant. Each button required approx- 
imately four ounces to depress it. The switch was not wired. 
It was merely a mock switch used so that each operator would 
do exactly the same thing with his hands on each test. 

The panel was designed to resemble a twelve inch cathode 
ray oscilliscope mounted in a grey panel. The imitation 
escilliscope is civided into quadrants as may be observed in 
Fige 2- 

The four positions chosen to be compared were as indi- 
cated in Fig. 4. No study was made to determine exactly 
what positions actually are the most commonly used. However, 
the positions used are fairly common and they cover the arc 
of probable positions. 

The apparatus was set up in a quiet room in which the 
dilumination, temperature and ventillation could be controlled 
to some extent. The room was partially darkened so that the 
subject would have no trouble seeing the targets. 

Two views of the apparatus are shown in the photographs 
(Figures 1 and 2) in the Appendix. The Sanborn equipment is 
a modification of the Benedict-Roth apparatus. A sectional 
view of the Benedict-Roth apparatus may be found in Figure 221 


obese G60 ous citereette a .jft gmlieet| au dose sot core 
<p@eL sednal esnews 
pilespe Gesotet sodt WH fe58 fom Sythe t™oete: 1 

mde 94 meutont 4908 alesis 6 le woueewleKeD ows we Saoege 

ueget? xetet doe Geis ads gf bocce _llees even rT we 
conte? of) batwisqes soul ce lostewrtg oe? met anse to 

<age Mesiipey aired dat .cmrwheey A od Liwt Aree aac 
sari 908 hime Sudo sf .£s sacras0 OF encod www? qLesmel 
ee ee 

aus 














atin Na ener Siren a at cmaents owolsieen tewt et 
CLeamce mba tAte! Oi wlan tee these OF 4 ai at tones 
woven tekst Commas sine wis wm (Llamrah ennkrbocy sate 


i - ‘eae 





ee 
balfopnee af Dhow watrellite tus exedetopes 
ed: cadt om tminsrah ¢ffelrwy amr coor at meee woe . 
eieeos? edd pefeom niderts on eved tive sonidos 
emureorem; ot? £! aetde bts wtereqs wy Ye ewsis nt 
od Weeevtegs weeded eit “scitimogyd ado at [4 bes I wove tt) 
Genereee Ak -emneNton ANG tolhene® ady Yo oodtectt thoes s 
ee ee oe ee es ee ee 










Qe 


of Best's "Physiolegical Basis of Medical Practice" (2). It 
has all the salient features of the Sanborn equipmant differ- 
ing only in mechanical detail and arrangement of parts. 
DuBois (5) discusses the different apparatus used to take 
metabolic measurements. He aiso includes several schematic 
diagrams and sectional views of this apparatus. 

The main part of the instrument consists of a bell-type 
spirometer. This is a hollow double-walled cylinder. In 
the narrow space between the two walls fits an inverted bell. 
The bell is counterpoised so that it rides up and down easily 
in the annular space which contains water as a seal. As the 
bell rises and falls during respiration of a subject, the 
pointer makes a trace on a cylindrical drum which is rotated 
by a constant speed time motor. In order to purify the gas 
exhaled by the subject the expiratory tube leads into the 
eylinder of soda lime. This removes the carbon dioxide. 
There is no provision for the measurement of the carbon diox- 
ide absorbed. At the commencement of the test sufficient oxy- 
gen is admitted from an oxygen cylinder to raise the inverted 
bell. During a test, the nose of the subject is clamped and 
he is forced to breath through the tube. With each breath 
some of the oxygen is consumed and the bell rises to a point 
a little lower than the previous point. 
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METHODOLOGY 
SUBJECTS. 

Ten male subjects were recruited from Purdue University 
Motion and Time Study classes. These men were all between 
the ages of twenty-one and twenty-eight. Further information 
concerning their weight, heisht, physique and general health 
may be found in the Motion and Time Study files at Purdue 
University. 

Ten subjects were used so that results could be analyzed 
statistically. More subjects would have given the results 
greater significance but ten was about all that could be hand- 
led in the time alloted. 

Because of heavy schedules carried by these subjects, and 
also because of the great demands on the use of the metabolic 
equipment, it was impossible to schedule everyone in the morn- 
ing after fasting all night. The subjects were willing to co- 
operate to the extent of eating only a light breakfast or lunch 
and not eating a thing during the three hours prior to the time 
of the test. Since all the tests on each subject were taken 
within a period of ninety minutes, there probably was no seri- 
ous variation in rate of oxygen consumption due to diet. 

Best (2) points out that: "The effect of food in raising the 
metabolism above the basal level is called its specific dyna- 
mic action (S.D.A.). The heat production commences to rise 
within an hour after food is eaten, attains a maximum in about 
the third hour and is maintained at this level for several 
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hourse" However, for insurance, a second basal reading was 
taken on each subject after the last test so that it could 
be compared to the first. 

INFLUENCING FACTORS. 

"The Handbook of Human Engineering Data for Design Engi- 
neers" (16) lists the following physiological factors which 
affect efficiency and may therefore he reflected in any meta- 
bolic test: 

ae Lack of sleep and rest. 
b. Extremes of temperature, humidity and 
ventilation. 
c. Stimlants or depressants of drug class. 
d. Insufficient or improper food. 
e. Lack of oxygen. 
£. Toxic substances taken into or manufactured 
by the body. 
g- Chemical substances manufactured by the body. 
h. Motivation. 
An effort was made to eliminate the effects of the above fac- 
tors by instructing and questioning the subjects. Again, it 
was considered probable that any such factor as motivation, 
if present, would affect all the tests similarly since all 
the tests on each subject were taken within a period of 
ninety minutes. 

Best (2) points out that: "One of the most potent influ- | 
ences in increasing the heat production is a low environmen- 
tal temperature. In man (naked) the metabolic rate commences 
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te rise when the temperature falls to around 60 degrees F. 

(20 degrees C.)." Therefore care was taken during the test 

to keep the temperature above 20 degrees C. and as constant 

as possible. Tilles (15) and Hoover (10) suggest the use of 
longer initial rest periods to eliminate the effect of previ- 
cus activity on the part of the subject. Schubert (14) used 

an initial rest period of thirty minutes. Hill (8) says, 

"It may take eighty minutes to pay off the oxygen debt of 
severe exertion, though a large part of it is paid off within 
five minutes." Since none of the subjects had been involved 

in any severe exertion prior to the testing, it was decided that 
thirty minutes allowed a good safety margin. Part of this time 
was used to acclimate the subject to breathing through the hese. 
ACCLINATION. 

Previous experimentors, (Tilles (15) and Hoover (10), with 
the metabolic equipment at the Purdue Metabolic Laboratory, 
felt that lack of acclimation to the equipment on the part of 
their subjects was an influence on their results. Schubert 
(14) spent twenty minutes per day for two weeks in acclimating 
his one subject (himself) before starting record runs. This 
time wes undcoubtably well spent, but such a lengthy procedure 
was impractical for this study. However, every effort was 
made to properly acclimate each subject in the time allotted. 
This was done first by introducing each subject to the appara- 
tus on a day previcus to the day of testing. The operation of 
the equipment was explained and the subject was allowed to 
spend a few minutes breathing into the metabulator. Then on 
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the day of testing, as will be noted in the Procedure, the 
subject again practiced breathing into the metabulator be- 
fore beginning his initial rest period. During his rest 
period, he made one dummy basal run. That is, he spent five 
minutes breathing air through the apparatus. He also made 
one dummy run while seated at the apparatus. | 

RECOVERY TD. 

Recovery time varies principally with the severity of 
the task and the length of time the task is performed. Best 
(2) states, "In light exercise the lactic acid is removed 
during the work - the body pays as it goes, and no oxygen 
debt is incurred. This is called a steady state." Figure 3 
shows the general relationship between rate of oxygen con- 
sumption and time spent at rest, exercising, and recovering. 
Since this experiment involves such a very light task, five 
minutes was considered a sufficient rest period between 
tasks. As a precaution against error due to incomplete re- 
covery, the first run after the initial rest period was con- 
sidered an acclimating run. The test at this position was 
repeated s0 that each record run used for comparison with 
the basal run would be part of exactly the same cycle - ten 
minutes at the apparatus followed by five minutes of rest on 
the cot. 

ORDER OF TEST PRESENTATION. 

The possibility of order of test presentation affecting 
the results was nullified by using a different order of test 
positions for each subject as follows: 
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Subie Jio. Order of Test Positions 
1. A B C D 
26 B C D i 
30 C D a B 
he D a B C 
De D C B A 
6. & D C B 
Te 5 n D C 
&. C B a D 
9. B D A C 

10. C A D B 
PROCEDURE 


Each subject was introduced to the metabolic equipment 
prior to the day of testing. On the day of testing about ten 
minutes were spent explaining the test procedure to the sub-~ 
ject. He was given the following directions: 

1. Sit with the thumb and index finger of each hand 

on the operator's switch on the table in front of 
you. 

2. Maintain your attention on the panel. 

3. Every time a light flashes in one of the quadrants 

on the panel, press down momentarily the button 
in the corresponding quadrant of the operator's 
switch. 

4. If you have difficulty swallowing during the test, 

let the saliva run into the hose and it will be 
drained between tests. 
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5. Try not to move your feet during a test. 

6. Make the move from cot to chair as effortlessly as 

possible. 

The chair was adjusted to the proper height and the sub- 
ject seated. He spent a few minutes breathing air through 
the hose to acclimate himself and become familiar with the 
task apparatus. The subject then began his rest period and 
from that time on the following schedule was adhered to: 





Time (Min. ) Action 
0 Begin rest periced. 
10 Begin acclimating run. 
15 End acclimating run. 
25 Begin first basal run. Subject breathing 
air. | 
300 Shift to oxygen, Start time motor. 
35 Shut off oxygen anc time motor. Disconnect 
| subject. 
36 | Have subject shift to chair. Connect gear. 
Begin familiarization run. 
45 Disconnect subject. Have subject shift to 
cot. 
50 Have subject shift to chair. Connect gear. 
D9 Shift to © Start time motor. 
60 =< 70 Repeat cycle of 45 to 55 for second panel 
position. 
75 <-- 85 Repeat cycle of 45 to 55 for third panel 


position. 
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Time (min.) Action 
90 -- 100 Repeat cycle of 45 to 55 for fourth panel 
position. 
105 Disconnect subject. Have subject shift to 
cot. 
110 Connect subject to gear. 
115 Shift to oxygen. Start time motor. 
120 Disconnect subject. 


Note: Those actions which are underlined are the ones which 
were recorded on the charts. 

| During the runs the experimenter was seated behind the 
screen where he could operate the metabulator and the selec- 
tor switch. Every time the author pressed the selector 
switch a light flashed on the subjectts screen. 

When the vertical line on the chart which was attached 
to the time drum of the metabulator passed under the stylus 
the author adherred to the following "flash" schedule: 


Flash Schedule 
Time (min.) Switch Position Time (min.) Switch Position 


0.00 1 205 1 
0.5 2 2.8 e 
0.8 3 3-0 3 
1.0 A, 32 b 
1.2 1 3.5 + 
1.5 2 4,20 2 
2.0 3 ba 5 3 
205 l, 4.8 4 

5.0 1 
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RESULTS 


The results begin with the chart - a copy of which is 
included in the Appendix. The action of breathing of the 
subject is transferred to the chart in the form of the zig- 
zag trace across the chart. The upper points of the trace 
represent the termination of the exhaled breath. Similarly, 
the lower points represent the termination of the inhaled 
breath. Either the upper points or the lower points may be 
used to determine the slope of the best fitting straight 
line which represents the rate of oxygen consumption. In 
general, the upper points are found to be more satisfactory, 
probably because it is more normal to collapse the lungs to 
the same extent with each breath when exhaling, than it is to 
fill the lungs with the same volume when inhaling. 

Since this experiment was concerned only with the rate 
of oxygen consumption during the five minute test period and 
not the absolute amount of oxygen used, it was not necessary 
te correct the data for temperature and barometric pressure. 
It was found that the temperature and barometric pressure 
did not change significantly during any of the five minute 
test periods. 

The least squares formla was used to determine the 
slopes of each chart. Coordinates of the upper points were 
taken from the chart by using a modified drafting machine. 
The slopes of all the charts are given in Table 1. Sample 
calculations are given in Table 9. Table 2 gives the same 
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data (minus the rest columns) erranged in colums by test 
positions. 

"A test of homogenity of variance (L-1l test) should pre- 
cede the analysis of variance (F test) if the F test is to 
be construed as a test of the homegenity of means." (Free- 
man 6). That is, the L-1 test should be used to test the 
assumption upon which the analysis of variance is based. 
That assumption is that "the columns (and rows) represent 
random samples of observations belonging to normal popula-~ 
tions of the same variance." (Freeman 6). L-l is simply a 
symbol representing the ratio of the geometric mean to the 
arithmetic mean of the variances. The closer the ratio ap- 
proaches unity, the stronger is the substantiation of the 
assumption. Tables have been prepared which give the 5% 
and 1% levels of significance for various combinations of 
size of sample and number of samples. 

Application of the above L~l1 test to the data in Table 
2 resulted in the following findings: 
For cols.: L-1 = .936 ~ not significant at the 5% level. 
( conditions) 
For rows : L-1 = .485 - not significant at the 1% level. 
(eubjects) 


(See Table 6, extracts from Table X,(Freeman 6) in the 
Appendix. ) 


Sample calculations for the above test are given in Table 10. 
With the homogeneity of variance established, analysis 

of variance was used to determine whether or not the samples 

belong to normal populations whose means are appreciably the 


same. The data was analyzed for variation due to subject, 
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position, and order of testing. The results are given in 
Table 7. Sample calculations are given in Table ll. 

Next, the basal slope was determined. This was taken 
as the lowest of the two slopes obtained with the subject at 
rest. (See Table 3). It is logical to use the lowest value 
for the basal because, by definition, one of the conditions 
for obtaining a basal metabolism reading is that the "sub- 
ject be as nearly as possible at complete bodily rest". 
(Best 2). Any activity on the part of the subject tends to 
increase his basal metabolism. Poffenberger (12) has found 
experimental evidence supporting this point of view. 

In Table 4 the basal readings are compared with the 
mean of the slopes for the four test positions. A "t" test 
was applied to this data to determine whether or not the 
difference between the basal and the mean activity slope was 
significant. This resulted in: 

t equal to 12.136 = highly significant. 
Calculations are given in Table 11. (See Table 6 extracts 
from Table 7, Freeman (6). 

For each slope recorded for a subject at a test position, 
percentage change over the basal reading was computed. The 
results are given in Table 5. Also, the mean percentage 
change for each test position was computed and entered in 
Table 5, at the bottom of the proper column. 

Application of the L-l test to the data in Table 5 re- 
sulted in the following findings: 
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For cols. $; IL-1 equals .940 - not significant at the 
( conditions) 


5% level. 
For rows: L-1 equals .503 - not significant at the 
(Subjects) 

1% level. 


Analysis of variance was repeated on this data. The 


results are given in Table 8. 


CONCLUSIONS 

The results obtained by applying analysis of variance 
to the raw slopes were consistent with those obtained by 
applying it to the percentages of change over rest. 

In this experiment, there was not a statistically sig- 
nificant difference in the amounts of energy required to use 
an instrument or test panel at the different positions se- 
lected. Tilles (15) found that by using the Sanborn metabo- 
lic equipment it was possible to detect a variation in pace 
for tasks involving the use of the full arm and the forearn, 
but that for a task involving only the use of the wrist there 
was no statistically significant variation. Therefore, if 
there is any difference in the amounts of energy required to 
use a test panel at different positions relative to the oper-~ 
ator, this difference is of the same order of magnitude as 
that of a task involving the use of the wrist at different 
paces. Suppose that a design engineer was faced with the pro- 
blem of deciding whether he should place an instrument panel 
so that the operator could most easily see it or so that the 
operator could most easily reach the control knobs adjacent 
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to the panel. The results of this experiment would indicate 
that the position of the panel should be of secondary consi- 
deration to any arm or forearm manipulation requirements. 

The order of presentation was not a significant source 
of variation. This indicates that the subjects were suffi- 
ciently rested and acclimated prior to testing. 

Subjects were feund to be a significant source of vari- 
ation. This was to be expected since it is known that such 
factors as age, height, and weight cause a wide difference 
in the metabolism of individuals. 

There was also a significant variation between rest and 
activity. This verifies the fact that the slightest activi- 
ty increases the metabolism over the basal metabolism. In 
this experiment, the average increase in the rate of oxygen 
consumption over the basal figure was 123% which is consis- 
tent with the quotation from Best (2) given in the Introduc- 


tion. 
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TABLE 2 


SLOPES ARRANGED BY POSITIONS 


--% A B Cc D 
1 0325 330 «336 e311 
2 0282 ohl7 0372 «383 
3 0391 0428 »362 o 364 
4 320 © 262 0318 0358 
5 °279 0271 266 289 
6 0299 0351 0285 0271 
7 0295 0296 0292 ° 283 
8 e310 0335 0337 0304 
9 0310 0286 e311 0355 

10 0358 0347 o393 ohO5 
Note: All slopes are negative. 








Subject 
NOe 


oOo BN OW wr Ww NW 


fj 
© 


Note: 


R-1 


0377 
0358 
330 
0249 
246 
«268 
° 269 
310 
201 
350 


TABLE 3 


R=2 


2272 
0279 
356 
0298 
24,2 
«277 
238 
261 
2308 
«361 


All slopes are negative. 


Basal 


0272 
°279 
«330 
0249 
e242 
-268 
0238 
~261 
201 
2350 


25-6 


TABLE 4 


“i. sor Positions. 
1 0272 03255 
2 0279 03635 
3 0330 03862 
kh 02h9 03145 
2 o2h2 +2762 
6 «268 23015 
7 0236 02915 
8 «261 03215 
9 2201 03155 

10 0350 03257 


Note: All slopes are negative. 








Subject 
No. 


oOo Oy A ww FF WW ND 


Be 


TABLE 5 


Percentage Increases Over Basals 
Arranged in Order of Positions 


bi 


119 
101 
118 
129 
115 
112 
124, 
119 
154 
102 
119 


121 
149 
130 
105 
112 
131 
12h 
128 
142 

99 
124 


¢ 

124 
133 
110 
128 
110 
106 
123 
129 
155 
112 
123 


D 


Lik 
137 
110 
Lh 
117 
101 
119 
116 
177 
116 
125 


27. 








28. 


TABLE 6 


Excerpts from Table X Freeman (6) 


”, 
—- — ~ Ly 
Sige Sample Samples 
5% 10 4 0.7970 
5% 4 10 0.5341 
1% 10 4, 0-719h 
1% 4 10 004d 83 
F 


Excerpts from Table VIII - Freeman (6) 
Degrees of Degrees of Values of Values of 


Freedom for Freedom for F at F at 
Lesser Mean Greater Mean 5% Level 1% Level 
square Square 
2h 9 2-30 3225 
2k 3 3.01 472 
3 24, 8.64 26.60 


Wet 
Excerpts from Table V - Freeman (6) 


Degrees of 5% 1; 
Freedom Level Level 


1g 2.101 2.878 
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TABLE 9 


SAMPLE SLOPE CALCULATIONS 


Subject: 1. Position: R-l. 
Coorcinates 

Y x Y xX 
69 6 46 60 
68 10 13 64, 
66 13 45 6& 
65 16 by 72 
64, 19 Ad, 75 
60 22 43 
62 26 ht 82 
59 29 41 85 
58 32 37 8 
57 36 3h, 93 
57 4,0 35 6 
55 4,3 32 99 
52 4,7 30 103 
49 50 31 1 
51 5h 30 109 
49 57 28 1li 

SXY = 79,029 SX* = 144,362 

SY = 1,547 sx = 1,890 


Slope » n(SXY) - (Sx)(S¥) 
n(Sx*)- (Sx)¢ 


24528,928 - 2.923.830 = -394,902 = -0.377 
4,619,584 = 3,572,100 1,047,484 


Symbols: 


S 3: Summation. 
n : Number of coordinates. 


{ Gel 
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TABLE 10 


SAMPLE L-l TEST CALCULATIONS 

(Data used in calculations below were taken from Table 2.) 
Symbols: 

k : No. of columns. 

n: No. of rows. 

S : Summation. 

s*: Variance. 
s*: Geometric mean of the sample variances. 
af: Arithmetic mean of the sample variances. 


. 


n 


ie a Se a 
Log 92 = 1 (log sf + log 8f # . . « log sé? ) 


stil speege... of) 





ii - s. 
= 
a 
Column Sx? 3° log s* 
A 1.015061  .108049 9.03362 - 10 
B 1.133305 0290721 9.46348 - 10 
C 1.085432 «148336 9. 17126 - 10 





Log s. = % (36.95513) - 40 = 9.23878 - 10 





336 


TABLE 10 (Continued) 


s* 
& 


82 = eed = .1852 


L-l zs Sete = -936 not significant at the 5% level. 


z 1733 


The L-l hypothsis is upheld. 











Blee 


TABLE 11 


SAMPLE ANALYSIS OF VARIANCE CALCULATIONS 


sum of Squares: 


Subjects = (SX,)* + (3X2)* +.» » (Skog)? _ (8x)? 
- nz 
n 


Positions- 


Order 


Total 


Error 


17.319375 (22-08 7)%_ = ye3298K3 - 4e281739 
: _ 2 


0.048104, 


(Sx,)* ¢ — + (SX_)? * (SXp)* (sx)? 
n = n 
h2a833203 «2617390 


0.0015813 


(SX,)2 © . . .(8X,)? 2 
ts (Sx) 





L, n 
- eee _ 42817390 
0.0011835 
sx = (sx)? 


n 
40357385 = 422817390 

0.075646 

Total -~ (Subject * pesition « order) 
2075646 - (.04810) # .0015813 * .0011835) 
00247772 
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TABLE 11 (Continued) 


Degrees of Freedom: 

Equals one less than the number of samples for the vari- 

able. 
Subjects : 10 - 1 
Positions: 4-1 
Order ; &=-1 
Total : 40-1 3 39 
Error ¢ Total - (Subjects *¢ Positions + Order) 

a=39-(9*#343)25= & 


Mean Square: 
Equals sum of squares divided by degrees of freedom. 


200728126 9,0005271 


Positions : 








Order : Saeed 0.000394.5 
Error * GsOMPLLl2 ~ 0.001032%, 
F : 
Equals mean square divided by mean square of the error. 
Subjects = 5.177 





Positions : 0000322 . 0.511 


Order : 
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TABLE 12 


"o" TEST CALCULATIONS 


(Data used in below calculations was taken from Table 4.) 


Symbols: 
s<& : Variance for rest slopes. 


s* : Variance for activity slopes. 

n, ? No. of samples in rest column. 

n, : No. of samples in activity column. 
x, ° Mean rest position. 

x 


; Mean of activity positions. 


sf = (10)(.740780) - (2.69)" = 0.001717 


s* s ~ (3.2216)2 ~ 0.000942 








= 9.779 
which for 18 d@grees of freedom is highly significant. 
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Pise 26 Front view of anparatus. 








RATE OF O, CONSUMPTION 


‘ 2 3 4- 5 6 7 : 
REST EXERCISE RECOVERY 
TIME (mins) 
Fig. 3 G raph showin increase in oxygen consumption 


above the vesting level following exercise. 
From Hill Muscu/ar Movemen# In Stan. (9.) 
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Fig. 5 Wiring Diagram. 
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